Purpose. To develop an institutional pediatric stroke database at West Virginia University to support the classification and description of clinical and radiographic characteristics of pediatric stroke in children living in rural areas. Methods. A custom-made database was developed using Microsoft Access to include specific query forms for data retrieval. Data were collected retrospectively from electronic medical record of pediatric patients with ischemic and hemorrhagic stroke, with emphasis on clinical presentation, risk factors, and neuroimaging studies between 2000 and 2012. Results. In the children group, vasculitis and hypercoagulable disorders were identified less frequently than reported. In the neonate group, only extremely sick, symptomatic patents were acutely diagnosed with stroke. Conclusion. Patients with the most common risk factors for stroke (cardiac disease) were overrepresented. This suggests that in children receiving medical attention in rural areas less common risk factors for stroke might not be identified, increasing the risk recurrence. Increased index of suspicion is needed about pediatric stroke in rural areas, and early transfer to a tertiary care center for identification of risk factors is mandatory.
Introduction
Stroke has a reported incidence of 1.3 to 13 per 100 000 children per year, [1] [2] [3] [4] [5] and it is one of the top 10 causes of death among children. Pediatric stroke comprises childhood stroke occurring in between age 29 days and 18 years, and perinatal stroke. Pediatric stroke, including acute ischemic stroke (AIS), hemorrhagic stroke (HS), and cerebral sinovenous thrombosis (CSVT), result in significant long-term morbidity in children. 6, 7 Hemorrhagic stroke accounts for about half of the cases. [12] [13] [14] Stroke is more common in males and African Americans, 4, 5, 12 possibly in relation to the high incidence of sickle cell disease in this population. The incidence of CSVT in children varies between 0.4 and 0.7 per 100 000 per year. [15] [16] [17] with more than 40% of cases occurring within the neonatal period, with an incidence for this age-group of 2.6 per 100 000 per year. 6, 18 Ischemic stroke in children has a multifactorial etiology 8, 9 with congenital cardiac disorders, vascular disorders, prothrombotic states, and head and neck infections being the most common risk factors. [10] [11] [12] Early identification of risk factors allows for rapid diagnosis, implementation of treatment, and prevention of recurrence. In earlier studies, the most common etiology of intracranial hemorrhage (ICH) was often a vascular malformation; more recently, the proportion of brain tumor and congenital heart disease has increased among children with ICH, possibly in relation to increased survival for these chronic illnesses. 14 The goal of the study was to retrospectively review the identified causes of pediatric stroke in patients referred to West Virginia University Hospital from the state of West Virginia, western Maryland, southwestern Pennsylvania, and eastern Ohio, and to compare our population with published data.
Methods
This is a retrospective chart review of all pediatric stroke patients admitted to West Virginia University Hospital from 2000 to 2012. Patients referred to our institution from the state of West Virginia, western Maryland, southwestern Pennsylvania, and eastern Ohio. Patients were identified by using ICD-9 (International Classification of Diseases-Ninth Revision) codes for AIS, CSVT, or HS. Data were collected retrospectively from electronic medical records with particular emphasis on patient's clinical presentation, risk factors, and neuroimaging studies.
Inclusion Criteria
Pediatric patients 0 to 18 years old with AIS, CSVT, or HS confirmed by head computed tomography (CT), magnetic resonance imaging (MRI), or ultrasound.
Exclusion Criteria
All patients with no neuroimaging confirmation were excluded from this study. Neonates with intraventricular hemorrhage and children with subdural or epidural hematomas resulting from head trauma were excluded.
Data Collection
A custom-made database was developed using Microsoft Access, including specific query forms for data retrieval. Data was collected retrospectively from patients' hospital charts. Data entered in the database included patient demographics, type of stroke, clinical presentation, radiological investigation, and identified risk factors. Clinical presentation was classified into focal signs (hemiparesis, visual field defect, speech or sensory defect), or diffuse signs, including level of consciousness, headache, nausea and vomiting (children), and difficulty maintaining respiration or feeding, lethargy or abnormal level of consciousness (neonates). Seizures as time of presentation, and thromboembolic events preceding or concurrent with the time of the stroke were identified.
Medical charts were reviewed for identification of the following risk factors: (1) cardiac disorders, including congenital heart disease, acquired heart disease, previous cardiac surgeries for congenital malformations (with stroke occurring more than or less than 72 hours after cardiac surgery), and isolated patent foramen ovale;
(2) infections, including head and neck infection such as otitis media, sinusitis, encephalitis and meningitis, sepsis, varicella, and herpes zoster; (3) vascular disorders, including arterial dissection, vasculitis, sickle cell arteriopathy, and vascular malformations; (4) hypercoagulability, including MTHFR (methylenetetrahydrofolate redu-ctase) mutation, prothrombin, acquired thrombophilia, protein S deficiency, protein C deficiency, disseminated intravascular coagulation, antithrombin III, antiphospholipd syndrome, and anticardiolipin antibody; and (5) chronic systemic conditions such as sickle cell diseases, anemia, hematological malignancies, connective tissue disorder, brain tumors, and hypertension.
Neuroimaging data included information regarding the initial, confirmatory diagnostic test (CT, MRI, or ultrasound). Details included the vascular territory of infarction such as anterior, posterior distribution, and information regarding the side of involvement.
Results

Population Characteristics
This study was approved by the institutional review board at West Virginia University. We identified 187 patients with an ICD-9 diagnosis of ischemic or hemorrhagic stroke or CVST. Of these, 133 patients were confirmed to have AIS, CVST, or hemorrhagic stroke by at least 1 neuroradiological investigation. Of these 133 patients, 31 (23%) were neonates and 102 (77%) were children; 65% of children and 68% of neonates were males. Table 1 summarizes all clinical findings at onset. Eightyfive percent of children presented with focal neurological signs. Forty-nine percent had hemiparesis (left, n = 21; right, n = 14), and three had bilateral weakness; in 6 cases, no clear deficit was identified in the chart. Seizure and headache at onset were very commonly reported symptoms with 43% of children presenting with seizures, and 30% with headache. 13% presented with fever at the time of diagnosis. Twenty-six children (30%) had visual field defect (left, n = 4; right, n = 2; bilateral, n = 9; unclear, n = 11). Speech deficit (aphasia, n = 5; nonspecified, n = 6) was noted in 11 children (13%). Seven children (8%) had sensory deficit. Six children out of 102 (6%) were found to have dehydration and hypernatremia.
Clinical Findings and Stroke Type
Within the neonate group, 10 patients (32%) presented with focal neurological signs. Five neonates (16%) were reported to have hemiparesis, or decreased spontaneous movements. One patient was reported to have decreased response to sensory stimulation on one side.
Twenty-nine neonates (93%) had a history of seizure at the time of diagnosis. 20% had fever at the time of diagnosis. All neonates with CSVT presented with seizures and had acute systemic symptoms (poor feeding, lethargy) as well as dehydration and hypernatremia at the time of diagnosis. Figure 1 and Table 2 summarize the type of stroke that was identified by neuroimaging modalities. Sixtyseven percent of children presented with AIS; 20% presented with ICH; 9% had CSVT. Two children had both AIS and CSVT, 1 child had both ICH and CSVT, and 2 had AIS and ICH.
Twenty-one neonates (67%) presented with AIS; 4 neonates (13%) had CSVT, 3 neonates (10%) presented with ICH, 2 neonates had both CSVT and infarction, and 1 neonate had AIS with associated subarachnoid hemorrhage.
Neuroimaging Table 3 summarizes neuroimaging findings, including vascular territory distribution.
Computed tomography scan was obtained as the initial neuroimaging modality in 56% of children; head MRI was obtained as the initial imaging study in 44% of cases. Head ultrasound was the initial study in 3 neonates (10%); CT scan was the initial, diagnostic study in 60% of neonates, and MRI was the initial study in the remaining 30% of neonates.
Fifty-two percent of neonates had anterior circulation involvements, 24% had lesions in the posterior circulation, and 24% had multiple lesions with involvement of both anterior and posterior circulation territory. With regard to side of lesion, 38% had left-sided infarction, 33% had right-side involvement, and 29% of patients had bilateral lesions.
Among children with AIS, 68% had anterior circulation involvements, 23% had lesions in the posterior circulation, 9% had multiple lesions with involvement of both anterior and posterior vascular territories. In relation to side of the lesion, 34% of children had left-sided infarction, 29% had right-side involvement, and 37% had bilateral lesions.
In the hemorrhagic group, 40% of children had anterior fossa involvement, 25% had posterior fossa hemorrhage, and 35% had multiple hemorrhages. In relation to side of the lesion, 30% of children had left-side involvement, 20% had right-side involvement, and 50% had bilateral lesions. Three neonates presented with hemorrhagic stroke. One had posterior fossa hemorrhage, and 2 had multiple intracranial hemorrhages; all patients had bilateral involvement.
Risk Factors
Several risk factors-summarized in Table 4 -were identified in our patients. We were able to identify a clear risk factor in 109 patients, including 88 children and 23 neonates. At least 1 risk factor was identified in 71% of neonates and 86% of children.
Thirty-four patients had cardiac disorders, including 13 neonates (42%) with congenital heart disease and 32 children (30%). In the children group, 26% had congenital heart disease and 6% presented with acquired heart disease. Eleven children and 3 neonates developed stroke following surgical repair of cardiac malformation; only 1 child and 1 neonate were diagnosed within 72 hours of surgery.
Sixteen patients (11%, 15 children and 1 neonate) had vascular disorders, including Moyamoya disease (n = 3), dissection (n = 3; 2 in internal carotid artery, 1 in the vertebral artery), cerebral aneurysm rupture (n = 2), multiple cavernous hemangiomas (n = 1), and arteriovenous malformation (n = 6).
Twenty-nine patients presented with infections, including 24 children (23%) and 5 neonates (16%) with head and neck infection (otitis media, meningitis, and encephalitis). Six patients (5 children and 1 neonate) had sepsis. Two children had varicella infection, and 2 had herpes zoster infection. Fifteen patients (11.5%) were found to have hypercoagulability, including MTHFR mutation (n = 1), factor V Leiden mutation (n = 1), antithrombin III (n = 1), low protein S level (n = 1), antiphospholipid syndrome (n = 1), disseminated intravascular coagulation (n = 1), anticardiolipin antibody (n = 1), and unspecified prothrombotic state (n = 5); 1 child was found to have hematological malignancy.
Discussion
We report here the first collection of cases of pediatric stroke in the state of West Virginia with particular focus on identification of risk factors, and a comparison with existing literature in order to identify similarities or differences between reported clinical data and our Appalachian population.
Sixty-seven percent of our patients (67% of children and 68% of neonates) presented with AIS. The reason for this high prevalence of ischemic lesions-higher than the 55% reported in the literature-as opposed to hemorrhagic strokes, remains unclear. This difference could potentially be related to preferential transfer of patients with ICH to a different regional hospital. In the neonates, the exclusion intraventricular hemorrhage grades I to IV could be the reason for this finding.
Neonatal AIS, which occurs in 1 per 4000 term births, [19] [20] [21] presents with seizures in up to 72% of cases. 19 In our population, 93% of neonates with AIS had a seizure at onset. This finding could suggest that only neonates with clear neurologic symptoms-such as seizures-were identified as having a stroke around the time of birth.
Our findings in neonates with CSVT are similar to published data, with the majority of neonates (81%) presenting within the first week of life. 18 However, in our population, all neonates with CSVT presented with seizures, which are the most common clinical presentation (~80% of cases) along with lethargy, irritability, poor feeding, apnea, jitteriness, changes in muscle tone, or diffuse neurologic signs. 18, 22 This finding again suggests that only neonates with clear neurologic symptoms were timely identified. Published data demonstrated that between 61% and 84% of neonates with CVST have associated acute systemic illnesses at the time of diagnosis. 22, 23 However, all our neonates with CVST had an associated systemic illness at the time of diagnosis, including dehydration and electrolytes imbalances. This suggests a preferential identification of CVST only in the sickest neonates. Underdiagnosed CSVT in the least severe group could have been related to limited diagnostic investigations, or to delayed imaging with occurrence of spontaneous recanalization. Fifty percent of children with CSVT presented with seizure, and 63% had an acute systemic illness at the time of diagnosis, which is similar to the findings documented in published literature. 16 Congenital heart disease is reported to be responsible for up to one third of pediatric strokes. 9 Stroke associated with cardiac disorders was the most common finding in our patients as 42% of neonates and 31% of children had a stroke related to cardiac disorders. Stroke related to cardiac disease in our children cohort was similar to the value reported by a recent large study by the International Pediatric Stroke Study group, where cardiac disease was second most common risk factor for pediatric stroke. 9 The higher association with cardiac disease in our population of neonates could be a relative overrepresentation due to lack of identification of other causative factors (ie, vasculopathy), or could be related to a selection bias for patients with congenital heart disease, as our institution is the main referral center in the state for pediatric cardiovascular surgery.
Only 16% of our cases were identified to have a vasculopathy. This number is substantially lower than the reported incidence of arteriopathies in a large recent multicentric study (53%). 9 This suggests that arteriopathies were underdetected in our population. However, it should be noticed that only a handful of patients with sickle cell disease are followed at our institution, therefore eliminating a significant population of patients with arteriopathy. Nevertheless, the importance of complete vascular studies, if necessary with different modalities (CT angiography or MR angiography) for identification of arterial lesions should not be undermined.
No identifiable risk factor was found in 16% of our patients, as compared with 9% of children with no identifiable risk factors reported in the literature. 9 This suggests incomplete investigation for identification of risk factors in our population.
The most common causes of HS in children are vascular malformations, including arteriovenous malformations, aneurysms, and cavernous malformations. Altogether, these lesions cause 5% to 29% of cerebral hemorrhages in children. 13, 14, 24, 25 Other important causes of HS in pediatrics are hematological disorders, such as thrombocytopenia or hemophilia, or neoplasms. 14, 26 In our population, arteriovenous malformation was the most common cause of HS. While generally arteriovenous malformations are diagnosed in patients between 20 and 40 years old, about 20% of patients can become symptomatic during childhood; therefore, as identification of these lesions plays important role in preventive care, high index of suspicion is mandatory.
Computed tomography scan was the initial neuroimaging study in 56% of our patients. This is significantly lower as compared with large studies reporting that 96% of children with symptoms concerning for stroke had brain CT scan as initial neuroimaging study. 9, 26 MRI was the initial neuroimaging study in 30% of our neonates, which is higher than that reported. 9 This high percentage of MRI as first diagnostic test is possibly related to identification of stroke in neonates only after they were transferred to a regional hospital due to severe medical conditions. This again, suggests that stroke could have been identified only in the sickest neonates after transfer from rural locations to a tertiary care center.
Nevertheless, in the neonates, CT scan remained the most common initial imaging modality in the emergency setting both at our institution of before transfer from another rural hospital. Given the known increased risk resulting from radiation in children, prompt transfer from rural locations to larger regional hospitals with availability of MR scans should be encouraged for this population.
Limitations of this study include its retrospective nature, which resulted in missing data in a number of patients. Additionally, retrospective identification of patients by discharge ICD-9 code it is known to be highly inaccurate, with reported accuracy ranging from 37% to 88%. 27 Our data suggest that in rural areas pediatric stroke might be underdetected, particularly in neonates or in patients with milder or transient neurological signs. This supports the need for increased awareness among general practitioners and emergency room doctors working in rural locations. As pediatric stroke can results from multiple pathogenetic mechanisms, a multidisciplinary competence is required and complete investigation of potential risk factor is necessary for identification of potentially treatable causes and prevention of recurrence. Radiological confirmation is mandatory, and it should be obtained promptly when this diagnosis is suspected.
